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Abstract 
One eye of each of 11 subjects was fitted with Optima FW soft lenses (water content = 
38%) while the contralateral eye was fitted with B&L 70 Minus soft lenses (water 
content = 70% ) on a extended-wear basis. Corneal topographic changes of each 
subjects were recorded by the EyeSys Corneal Analysis System (EyeSys 
Laboratories, Houston, TX) before and after wearing continuously for a period of 
seven days and seven nights. The results showed that there was no significant 
change in topography in eyes fitted with Optima FW lenses. On the other hand, there 
were significant flattening by 0.09mm ± 0.095mm of the average flattest meridian at 
the peripheral cornea (7mm zone) in the eyes fitted with B&L 70 lenses. The overall 
curvature was also flattened by 0.04mm ± 0.059mm than the baseline reading in the 
eyes fitted with the high water content lenses. The difference between the corneal 
curvature change of both lenses on the eyes were also found to be statistically 
significant. However,there was no significant change in subjective refraction in eyes 
fitted with both lenses. The possible explanations of these changes were discussed 
and suggestions were given for further investigation in this topic. 
Key words : EyeSys Corneal Analysis System, water content, hydrogel contact 
lenses for extended wear, corneal topography. 
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Introduction 
Extended wear contact lenses, by definition are those lenses which may successfully be worn 
for prolonged periods of time, which may vary from several days to several weeks, without being 
removed from the eyes prior to sleeping. Extended wear is sometimes also known as flexible wear when 
the wearing interval is alternated with daily wear. In fact, the FDA and most manufacturers recommend 
lenses should not be worn more than a maximum of seven days continuous wear. Extended wear 
contact lenses, as with their daily wear counterpart, exist in both rigid gas permeable (RGP} and hydrogel 
materials. The former are usually the result of the specific lens material with high DK value (>55x1 o-11 
cm2Js mi02 /mlxmmHg} while the latter tend to be as a consequence of either their high water content 
{>50%) or their thinness (as low as 0.03mm). 
It is known that hard contact lenses (RGP or PMMA) will cause significant corneal edema and 
corneal contour change, especially on extended wear bases. Mandell et al 8 showed that corneal edema 
did not depend upon only on DK (oxygen permeability) or the thickness (1), but was a function of their 
ratio (DK/1), namely oxygen transmissibility. Research has also shown that central corneal edema in 
subjects who overnight wore an RGP lens in one eye and a hydrogel lens in the other eye, both 
matched for oxygen transmissibility, was not significant different between the two lens types 8. 
Rigid gas permeable extended wear (RGPEW) contact lenses had been shown to have a 
tendency to cause significant corneal flattening initially, followed by steepening toward the baseline, 
with a vertical meridian flattening of about one diopter s. The corneal molding associated with RGP EW 
could be explained in two ways. Rrstly, the cornea was softened due to persistent edema 33. Secondly, 
the pressure by a rigid lens on the cornea during blinking depends on the force and completeness of 
the blink and had been shown to be between 1 gf and 5 gf for a normal complete blink 33. As a result, 
corneal molding toward the back surface shape of rigid contact lenses might occur. Edematous reaction 
from hypoxia leads to a steepening of the curvature while the cornea molds in the direction of the lens 
fitting 10. The two influences added together cause the overall corneal topography change. 
But what is the effect of extended wear soft contact lenses (EWSCL) on the corneal 
topography ? Will they have the same kind of effects as rigid lenses ? These questions cause much 
controversy. In the past, it was generally accepted that the corneal curvature and refractive changes 
were non-existent or minimal for soft lens wearers. Some studies showed a steepening of the mean 
corneal curvature while others showed flattening or no significant change 30-38. A mean increase in with 
the rule astigmatism was also found in daily wear soft contact lens (DWSCL) wearers 21.35.37. 
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In fact, a progressive increase in myopia or •myopia creep" had long been observed with 
hydrogel lens wearers. It had been reported to be due to epithelial edema (secondary to hypoxia) and 
subtle corneal curvature changes 32. Similar to rigid lenses, corneal topography changes by soft lenses 
are thought to have at least two causes : corneal thickness change and mechanical molding effect 10.21 . 
As mentioned before, corneal edema is a function of oxygen transmissibility, provided that the 
lens fitting is optimal, and that lens rigidity or other material factors apparently do not influence corneal 
thickness change e.20.25 . Holden et al suggested that the minimum precorneal oxygen tension levels 
required to avoid corneal edema was approximately 10% and 18%, which were equivalent to oxygen 
transmissibilities of 24 and 87 x1 o-9 cm/s mi02 /mlxmmHg for daily wear and extended wear contact 
lenses wear respectively s.n.1s.29,40. However, the highest transmissibility that can be achieved by 
increasing water content of a hydrogel lens is about 25 units, because even 100% water has a DK value 
of only 75 units. Although the increase in oxygen transmissibility could also be gained by decreasing 
thickness, some physiological problems such as corneal staining and erosion could occur if a high water 
content lenses were made too thin. The etiology of these changes is not fully understood, but may due 
to an abnormal or deficient precorneal tear film 4. On the other hand, making a low water content lens 
very thin would increase its oxygen transmissibility, but then the lens would be too fragile and difficult to 
handle. 
Unlike rigid lenses, which cause steepening of corneal curvature upon swelling in the central 
region, several studies have shown that corneal swelling in hydrogel lens flattens the cornea. This is 
because soft lens wearers have a more widespread and evenly distributed central and peripheral corneal 
edema which involves the whole extent of the cornea 13.15,34. Edema of the entire corneal surface would 
cause little topography change or even a very slight flattening of the corneal curvature (less than 
0.03mm or 0.120), which would not be clinically significant 13,15.34. Furthermore, it has been reported 
that edema could be present resulting in corneal steepening, flattening or even no change. This implies 
that corneal topography changes and corneal thickness changes might occur independently or 
together 10. 
The increase in myopia in contact lens wearers could be alternately explained by the fact that as 
water enters into cornea during the edematous condition, the corneal refractive index falls. When it falls, 
its power increases. Therefore an edematous cornea would lead to an increase in myopia whether or 
not there was any associated co meal topography change (Figure 1) 14 . 
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For a rigid lens, it is generally accepted that a steep lens would steepen the cornea while a flat 
lens would flatten it. However, for hydrogel lenses, the pressure exerted on the cornea is much less. 
Thus, corneal distortion and molding should be less marked with these lenses. 
Figure 1 
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Increase in converging power of the cornea 
by lowering its refractive index 14 • 
In fact, significant corneal molding effect had also been noted in some eyes wearing daily wear 
or extended wear soft lenses 31 • However, the findings were varied. Camez ~ showed that if the 
thickness increase by edema was completely eliminated by 1 00% 02 tension air passing over the 
corneal surface, there would be a tendency for the corneal topography to flatten, probably due to a 
mechanical effect. Collins and Bruce found that after three months of soft lens wear on a daily wear 
basis,- there was significant steepening of the cornea in all meridians and was- most pronounced in the 
peripheral cornea 1a. Poise et al also demonstrated steepening of both flattest and steepest meridians 
of about 0.250 with extended soft contact lens wearers 20. On the other hand, several researchers have 
found that there was no· significant different in corneal curvature before and after several years of 
wearing extended wear soft contact lenses :~a,..s • Grosvenor et al suggested that the typical change in 
corneal curvature from soft lens wear was an initial flattening of about 0.250 in one or both meridians, 
followed by a steepening for a period of six weeks 12.1s. The same author proposed that the subsequent 
corneal steepening was due to a mechanical pressure effect exerted by the lens. The thickest part of a 
minus powered well-centered lens would be sitting on the limbal area and the pressure would cause 
corneal steepening 12. By far the worst possibility of permanent topography changes was keratoconus. 
Phillips had described some cases of soft contact lens induced corneal warpage with keratoconus 22. 0 
Fortunately, the subtle corneal warpage by soft -lenses was usually clinically not significant and most of 
the patients could obtain normal vision within a short period of time after removal of lenses. 
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It should be noted that in most of the studies mentioned above, the cornea curvature were 
measured by the standard keratometer. It directly measures a minuscule area of the cornea by 
projecting a 50um diameter mire onto the corneal surface, evaluating the corneal curvature from only 
four paracentral points, about 3 mm apart. Therefore, alternations of the corneal surface central and 
peripheral to these points were not detectable 1 • 
Recently, a more accurate and sophisticated method to measure corneal topography utilizing 
computer-assisted topographic analysis system has become more common, especially in the research 
field. There are several computerized videokeratograph devices currently available in the market. The 
EyeSys Corneal Analysis System (EyeSys Laboratories, Houston, TX) was used in this study. The detail 
of this instrument will be discussed in the methodology section but basically, it consists of a 16-ring 
conical Placido disc, which projects onto the patient's cornea. Each of the 16 interfaces is measured at 
one degree interval for 360 degrees for a total of 5760 points. For a 42.50 cornea, the diameter of the 
measured region is 0.9mm to 9.2mm 1. The corneal topography is displayed using digital image-
processing technology to analyze all the data points derived from a single photokeratoscopic image 2 • 
It has been shown that there is a good correlation between the simulated keratometric values 
and the standard keratometer measurements for mean corneal power, total cylinder as well as the 
location of the steepest meridian 21 • Furthermore, the keratometer and the EyeSys unit provided a 
close approximation of the surface characteristics of aspheric surfaces s. In addition, the EyeSys CAS 
has been shown to have an accuracy and reproducibility within 0.250 on both spherical and aspheric 
surfaces. Therefore, the computerized videokeratography exceeds the keratometer accuracy in 
measuring aspheric surfaces such as the human cornea, which is an aspheric surface, flattening 
progressively from the center to the peripheral at a different rate along different semi meridians 2 • 
Most of the corneal topography studies that were done from the 1970's to the 1990's were 
investigating or comparing the effect of RG P lenses (EW or OW) on corneal curvature change. However, 
it was common that people ignored the molding effect of soft lenses on the cornea and studies about 
this matter are quite limited, especially between high water and low water content modalities. 
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Furthermore, in some previous clinical studies, researchers usually compared the effect of 
different kinds of contact lenses on corneas between different groups of subjects 11,15,16,20,21,29,30,31,36 . 
For instance, one group of subjects was frtted with soft lenses while the other group was fitted with RGP 
lenses 20,21,30,31.36. It was not uncommon that the group with RGP lenses showed bigger corneal molding 
effects than the group with soft lenses. However, it has been shown that corneal topography changes 
could be the result of changes in convergence, pupil diameter, ambient temperature, time of day, digital 
pressure, corneal rigidity and mechanical effect of lid force s . Thus, different people might have 
different corneal disturbances even with the same type of lenses. 
In view of all the above, the current project was focused on the corneal topography change 
between different water content hydrogel extended wear modalities. Moreover, in order to control other 
factors that would affect corneal topography such as corneal rigidity and mechanical effects of lid force, 
each subject was fitted with a high water content lens in one eye and a low water content lens in the 
contralateral eye. In addition, a thicker high water content lens (B&L 70 Minus) and a thinner low water 
content lens (Optima FW) with similar average transmissibility were chosen for the study 2s so as to 
control the induced corneal edema effect as much as possible. The EyeSys Corneal Analysis System 
was used to measure the corneal topography of each subject before and after seven days continuous 
wearing of contact lenses. 
The goal of this study was to demonstrate the short-term effect of extended wear soft lens (high 
water content and low water content) on corneal topography. It might thus help some practitioners to be 
aware of the possible corneal warpage effect by different types of soft lenses. 
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Methodology 
Subjects 
The experimental population consisted of 11 participants. All of them were students of Pacific 
University and could be considered as a random sample of the population. The criteria for inclusion in 
the study were as follows : 
(1) Subjects with any kind of corneal disease, atrophy, injury, surgery or scarring would be 
excluded: 
(2) Subjects with signs of corneal edema such as stromal striae or folds would be excluded; 
(3) Subjects should not be taking any kind of systemic medication or eyedrop other than artificial 
tear or vitamin; 
(4) Subjects with contraindications for extended wear such as dry eye or atopic history would be 
excluded; 
(5) Only myopic subjects would be included and the contact lens correction must be equal to or 
less than -6.000 (due to trial lens availability): 
(6) Spectacle astigmatism must be equal to or less than -1.500. Equivalent sphere would be 
prescribed in case of astigmatic subjects; 
(7) Age of subjects were between 18-30; 
(8) No previous extended wear contact lens wearer would be included. 
This stringent criteria must be initiated to minimize the effects of age, ocular diseases, 
medications and previous extended wear contact lens experience on corneal topography. If the 
subjects were previous daily wear contact lenses wearers, they were requested to stop wearing their 
lenses tor 24 hours before the initial measurements. Informed consent was obtained from each 
participant before enrollment in the study. A free pair of contact lenses would be given as a reward for 
each subject participating this project. The biometric data of the subjects were given in Table 1. 
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I 
~able 1 . Biometric data of the subjects . . 
Subject Sex Age Spectacle sphere [3] Spectacle cylinder Axis Lens-wearing experience 
(Yrs) (0) (0) (Degrees) Type 111 Duration Mode [21 
1 M 24 -3.75 -0.50 175 none - -
-3~50 -0.50 175 
2 M 20 -5.50 -0.50 3 none - -
-4.25 -1.50 175 
3 F 18 -3.00 -0.50 175 soft 4 ow 
-3.50 . -0.25 150 
4 F 21 -4.75 -0.50 180 soft 2 ow 
-5.25 -0.75 25 
5 F 21 -2.25 0.00 
-
soh 5 ow 
-2.25 0.00 
-
6 F 21 -1.75 -1.00 180 RGP 5 ow 
-2.75 -0.25 135 
7 F 19 -2.75 0.00 . soft 6 ow 
-2.25 0.00 ' . 
8 F 26 -0.75 -0.25 80 none . -
-0.75 -0.25 95 
9 F 19 -5.50 -0.50 5 soh 3 ow 
-5.25 -0.25 160 
10 F 19 -1.00 . -0.25 20 soh 3 ow 
-1.00 O.QO -
11 F 21 -3.75 -0.25 10 soft;RGP 4;1 ow 
-4.25 0.00 
-
M = 2 Mean 20.8 -3.16 -0.39 WTR ( + /-20) : 8(RE) 3(LE) [4] 
F = 9 -3.18 -0.34 ATR ( +/-20) : 1 (RE) 1 (LE) [5] 
so 2.4 1.66 0 .28 Oblique : O(RE) 3(LE) 
1.54 0.45 
range 18-26 (-)0.75- (-)5.50 0.00- (-) 1.00 
(-)0.75- (-)5.25 0.00 - (-) 1 .50 
Note: [1] soft : hydrogel contact lens. 
[2] OW : Daily wear. 
[3] Upper values: eyes fitted with Optima FW (RE). . 
Lower values : eyes fitted with B&L 70 Minus (LE). . 
[4] WTR: with the rule astigmatism. 
[5] ATR : against the rule astigmatism. . 
' 
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Lenses 
The lenses that were used in this study were B&L 70 Minus soft lenses (high water content) and 
Optima FW soft lenses (low water content)_. The right eye of each subject was fitted with Optima FW lens 
while the left eye was fitted with B&L 70 lens. Both lenses were worn on an extended wear basis for 7 
days. The summary of lens parameters are shown in Table 2: 
Table 2 : Summary of lens parameters 
=~=:======================================================================== 
Optima FW B&L 70 Minus 
============================================================================ 
Water content 38% 7ff% 
---·--- ----·------------------------·------
8.5 
-----------------------------
Optic zone diameter (mm) 
Central thickness (mm) 
------------
Base curve (mm) 
Diameter (mm) 
Material 
8.0-10.0 
0.026-0.035 
8.7 
14.0 
Polymacon 
30.5 
8.0-12.0 
0.14-0.17 
8.7 
14.3 
LidofilconA 
·--------------------- ·----------------------Production Spun frt. surf. lathe-cut 
lathed bck. 
============================================================================ 
Note : (1) All the above values except the OK values, were from the Tyler's Quarterly Soft Contact Lens 
Parameter Guide (June, 93). 
(2) The OK values were quoted from data provided by B&L Professional Products Division. 
It should be noted that the oxygen transmissibility of a contact lens is a function of its OK and 
thickness (DK/1). However, the thickness of a minus contact lens is not constant, being thinnest in the 
center while thickest at the edge. Several authors have suggested that the average thickness should 
be used for oxygen transmissibility calculations in preference to center thickness 2,9,16,23. Although the 
equation for the average thickness of a hydrogel lens is a complex function, Brennan has suggested a 
simple method of estimating the average thickness by utilizing a nomogram 2s. It consisted of three major 
stems, namely the power, center thickness and average thickness as well as two constants, optic zone 
diameter and water content. The average thickness of the contact lenses used in this study were 
determined by the Brennan nomogram. The lens power used was the average trial contact lenses 
power of the 11 subjects. The values were tabulated in Table 3. 
In addition, the difference of trial contact lens power between two eyes were shown in Table 4. 
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Table 3 : Average thickness and oxygen transmissibility of lenses used in the studies 
=======:==================================================================== 
OptimaPN B&L 70 Minus 
============================================================================ 
Average trial lens power of 11 subjects ±SO 
(to the nearest 0.120) 
Qentral thickness, lc (mm) 
Average thickness, Ia (mm) 
-3.25 0 ±.1.750 
0.031 
0.064 
-3.370 ± 1. 750 
--------------
0.155 
0.20 
---------------------------------
Mean optic zone diameter (mm) 
Water content 
----------------
OK ( x1 o-11 cm2 Is miOJmlx mmHg) 
Central 02 transmissibility, Okllo 
( x 1 o-9 ern's ml02 I mix mmHg ) 
Avera~e 02 transmissibility, Dklla 
( x 1 o- ern's mlo.! I mix mmHg ) 
9 10 
38% 7\f'lo 
8.5 30.5 
. 24 22 
13.3 15.3 
============================================================================ 
Table 4 : Difference of trial lens power between two eyes 
============================================================================ 
Subject Difference in trial lens power between two eyes [RE-LE] (D) 
=========================================================================;=; 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
-0.25 
-0.50 
+0.25 
+0.50 
0.00 
+0.75 
-0.25 
0.00 
0.00 
- 0.00 
+0.50 
===========================================================================; 
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Mean : 0.09 
so : 0.38 
Range: -0.25- +0.75 
Instrumentation and experimental protocol 
At the time of enrollment, a contact lens fitting examination was given to each subject to make 
sure only the subjects that satisfied the criteria were included. Afterwards, the corneal topography of 
each subject was measured using the EyeSys Corneal Analysis System (CAS). The CAS was calibrated 
by EyeSys Laboratories before the study. It consisted of the following parts: 
(1) A videokeratoscope positioned 92 mm in front of the cornea and projected a 16 rings conical 
Placido disc (Slight and 8 dark rings) onto the cornea; 
(2) A chin rest for the patient; 
(3) A CCD camera for image capturing; 
(4) A computer that digitized and converted the data obtained from the video output into a form that 
could be analyzed by a number of highly complex algorithms and computer programs; 
(5) A color PaintJet printer for hard copy output. 
If the subjects were previous contact lenses wearers, they were requested to stop wearing their 
lenses for 24 hours before measurements. During the initial visit, the right eye of each subject was fitted 
with an Optima FW lens while the left eye was fitted with a B&L 70 Minu~ lens. A 7dayn night extended 
wear period would then follow. During the period, the subjects were instructed to .wear their lenses 
continuously without taking them off during sleep. On the morning of the eighth day, corneal 
topography was recorded again by the CAS. 
The subjects were informed that if minor discomfort or adhesion of the lenses to the corneas 
occurred, they could instill a drop of lubricating solution to the eye (Tears naturale If lubricant eye drops 
were given to subjects during the study ) and blink gently for a few seconds. Furthermore, they were 
instructed to remove the lenses immediately and caU for an examination if any significant ocular pain, eye 
redness or sudden decreased in vision were noticed. After finishing all the measurements for the study, 
a corneal integrity check-up was done on each subject before dismissing. Subjects were later fitted for 
daily wear in the optimal contact lens and did not continue in extended wear. 
Corneal topography measurement 
During all the topographic measurements in the study, the subjects were instructed to place 
their chins on the chin rest, keeping both eyes wide open and were asked to blink before pictures were 
captured. Subjects were repeatedly instructed to look at the central fixation target. Proper alignment of 
the cross was done before each picture was taken. One keratograph was taken on each eye and stored 
into the computer. Poor-quality keratographs were deleted and the above process repeated. 
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(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
A good quality picture was defined as 24 : 
Proper centration ( by observing the pupil position ); 
Proper focusing (proper alignment of the cross); 
Absence of discontinuous rings, especially in the 3 mm and 5 mm zone; 
Least eyelid shadow; 
As many continuous rings as possible; 
Absence of excessive tears causing distortion of image. 
The examiner was allowed to edit the computer's pattern recognition findings by simple 
observation, so that some obvious erroneous pattern such as lines on eyelid or some highly irregular 
lines, could be deleted or reconnected. All measurements for each subject were performed by a single 
observer, using the same equipment and procedures for all findings, to prevent inter-observer or inter-
instrumental variations. 
Contact lens fitting evaluation 
The 8. 7 base curve trial lenses were used in the study in order to standardize the result. The 
subjects should have optimal fitting before they were allowed_ to participate in the study. The 
assessment of the fitting was done by a three-step system proposed by Schnider 20: 
(1) 0.5 - 1 mm limbal overlap and 0.2 - 0.5 mm lens movement on primary gaze blink; 
(2) 0.5 mm downward lag movement during up gaze blink; 
(3) lens should move upward freely by finger push with the patient in primary gaze and quickly 
return to pre-finger push position. 
Moreover, over-refraction to clear endpoint and stable VA should be obtained before releasing 
the subjects. At the eighth day, the subjects were asked to rate the difference in comfort of two lens as 
"right eye better than left eye", "left eye better than right eye" or "both about the same". 
Data Analysis 
For the purposes of this study, a within subject, bivalent test was conducted. The independent 
variables were the different types of contact lenses in different eyes within a subject. The dependent 
variables were the recorded changes of topographic findings by the CAS during the study. 
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The topographic findings included the simulated keratometric data (Sim K) and the semimeridian 
data at 3 mm, 5 mm and 7 mm zone. Furthermore, the zone averaging data of the numerical data map 
were also used to compare changes in the overall average curvature as well as the changes in 0, 45, 90 
and 135 meridian before and after the contact lens wearing period. 
The topographic difference between the pre-study and the post-study findings of both eye 
were tested for statistical significance. In both cases, the two-tailed match-paired Student's t test was 
used to analyze the results. The measurements were on a ratio scale and a significant level of P<0.05 
was chosen as the most appropriate for the purposes of the study. The null hypothesis of this study was 
that there should be no change in mean topography findings before and after the study period in both 
kinds of lenses. 
In this study, all the measurements were in millimeters instead of diopters. This was because 
converting the radii to surface power results in an amplification of the measurement errors s. The 
difference was caused by the using of 1.3375 as the estimated refractive error of human cornea, which 
should be 1.376. 
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Results 
The results of the study are summarized in Table 5-15 and Figure 2-12. The total number of 
subjects completing this study was 11, 9 of them female and 2 of them male. All the subjects, except 
subject number 8 and 9, wore their lenses continuously without taking them off during the 7 days 
period. Subject 8 and 9 had taken out the lenses two times because of minor discomfort and put them 
on again after about 10 minutes cleaning and rinsing. 
All measurements were performed within two hours after the subjects had awoken and within 
five minutes after contact lens removal on the morning of the eighth day. This was done to prevent the 
possible changes due to diurnal variations of corneal topography 11 • It should be noted that all positive 
signs in the readings mean steepening of cornea curvature after the study period while negative signs 
mean flattening of curvature. 
Table 5 shows the change in average spherocylindrical simulated K (Sim K) between the pre-
study visit and post-study visit of the two kinds of lenses. The spherocylindrical Sim K values provided 
the power and the location of the steepest meridian and the meridian 90 degrees away 39 • No significant 
difference in topography was found between the pre-study and post-study visits for either lens type 
(Figure 2}. 
Table 6 shows the changes in the difference of two Sim K meridian (simulated corneal 
astigmatism). Both eyes showed no significant difference in corneal astigmatism between visits (Rgure 
3a and 3b). 
Table 7-9 shows the curvature changes of the average steepest and flattest meridian of the 
nonspherocylindrical Sim K in the 3 mm, 5 mm and the 7 mm zones. The nonspherocylindrical Sim K 
values provided the power and location of the actual steepest and flattest meridian regardless of the 
angle between the two meridians 39 • There was no significant change in any of the 3 zones for the eyes 
fitted with Optima FW in either meridian. However, there was significant flattening of the flattest 
semimeridian of the cornea fitted with B&L 70 lenses in the 7mm zone, by an average of 
0.09mm±0.095mm (t = -3.14, P<O.OS). The other two zones of the same lenses showed no significant 
change in both of the meridians (Figure 4-6). Moreover, the average curvature changes in 11 subjects 
in all 3 zones were plotted in a 3-D line graph (Figure 7a, 7b and Table 10). It could be seen that both 
lenses tended to flatten the flattest semimeridian while the changes in the steepest meridian seemed to 
be in an opposite direction. The corneal curvature in the eyes fitted with Optima FW were being 
steepened, although the changes were not statistically significant. 
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Table 11 shows the average curvature change for both eyes. The data points included were 
around an area of 5 mm radius from the center of the numerical map. There was no significant change 
between visits for the eyes fitted with Optima FW lenses. However, significant flattening of the overall 
corneal curvature was found in eyes fitted with B&L 70 lenses by an average of 0.04mm±0.059mm (t = 
-2.24, P<0.05) (Figure 8). 
Furthermore, the curvature change of 11 subjects in ten zones were averaged and the result 
was shown in Table 12 and in a 3-0 area graph in Figure 9. It could be noticed that all the zones showed 
steepening of curvature with eyes fitted with optima FW lenses and flattening of curvature with eyes 
fitted with B&L 70 lenses. The difference between the changes of both eyes was found to be 
statistically significant (mean difference = 0.0552mm±0.0327mm, t = 5.34, P<0.05). 
The data points at 0, 90, 45 and 135 meridian of the numerical map were summed up and 
averaged. The results are shown in Table 13a-b and Figure 1 Oa-d. No significant changes in corneal 
curvature was found along any meridian except the horizontal meridian with the eyes fitted with B&L 70 
lenses. Significant flattening of cornea was found along this meridian by an average of 
0.05mm±0.066mm ( t = -2.51, P<0.05). The mean change of all four principle meridians in 11 subjects 
was plotted in a 3-0 area graph (Table 14 and Figure 11). The difference between two kinds of lenses 
on topographic changes was found to be significant (mean difference = 0.03mm±0.013mm, t = 4.62, 
P<0.05). 
The subjective refraction of each subject between both pre-study period and post-study period 
of both eyes was also compared. The refraction results were expressed in the form of equivalent sphere 
and were shown in Table 15 and Figure 12. No significant change in subjective refraction was found in 
either eyes. In addition, regarding patient comfort, seven out of eleven subjects (64%) preferred the 
Optima FW lenses. Two subjects rated the B&L 70 Minus more comfortable (18%) while the other two 
subjects stated no difference in comfort between both eyes {18%). 
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Table 6 Change In corneal astigmatism In 11 subjects. 
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Table 12 Mean corneal curvature change of 11 subjects In 10 different 
zones of corneas. 
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Table 13a Corneal curvature change In 90 and 180 meridians 
In 11 subjects. 
Table 13b Corneal curvature change In 45 and 135 meridians 
In 11 subJects. 
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Table 15 Equivalent sphere change In 11 subjects. 
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Discussion 
It is estimated that 27% of the overall hydrogel lens wearers in the US wear extended wear 
lenses 3 and their complications had been well documented in the literature. ·Despite the fact that many 
previous studies have shown minimal changes in corneal curvature for extended wear soft lenses 
wearers, some statistically significant changes were found in this study, especially with eyes fitted with 
the high water content modality. In evaluating the results of this study, we had to answer three 
questions : "What were the changes?", "How did the changes occur?" and "Were they clinically 
significant?". 
From the result, we can see that basically there was no significant change in corneal curvature 
for the eyes fitted with Optima FW lenses (ultra-thin lenses). On the other hand, for the high water 
content lenses, most of the findings showed statistically significant flattening of the cornea, especially in 
the peripheral region. Moreover, unlike many previous studies stating that most of the corneal changes 
associated with contact lenses occurred in the steepest meridian, many changes in this study occurred 
in the flattest meridian. In fact, there was also significant flattening of the horizontal meridian and overall 
curvature in the eyes fitted with B&L .70 lenses. 
In order to explain the changes, we have to review some corneal physiology. As mentioned 
before. corneal topography change by soft lenses has at least two causes, namely corneal thickness 
change due to hypoxia and mechanical molding effect 10,21 • In the former case, corneal thickness 
change or edema depends mostly on the average oxygen transmissibility of the lenses 8.20.2s , provided 
that the lens fitting is optimal. It has been predicted that oxygen transmissibility of between 70 and 87 
units is needed for zero swelling for extended wear contact lenses s.8 • The average oxygen 
transmissibility of Optima FW and B&L 70 lenses used in this study as determined by Brennan 
nomogram were found to be 13.3 and 15.3 units respectively (Table 3). Previous studies have shown 
that the error between the nomogram values and the calculated values from integral calculus were much 
less than 5% for negative power lenses 25 • As a result, corneal swelling response should be expected in 
all the subjects in the study. 
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Furthermore, as mentioned before, corneal swelling response in hydrogel lens wearers tends to 
flatten the cornea because of more widespread and evenly distributed edema involving the entire 
cornea 13.15,34. Therefore, if the above theories were correct, the corneal curvature of both eyes of the 
subjects should be flattened by a similar amount due to similar average oxygen transmissibility or even 
smaller in the eyes fitted with B&L 70 lenses (due to its slightly higher average oxygen transmissibility 
compared with the Optima FW lenses). However, this was not the case. Thus, another factor such as 
the mechanical effect of the lenses should be considered. 
It should be noted that the central thickness of the B&L 70 lenses was approximately 4 times 
greater than the Optima FW lenses and that all the soft lenses were fitted flatter than the central corneal 
curvature. It was not surprising that the mechanical molding effect by the lid force would be greater in a 
thicker lens than a thinner lens. Likewise, the thickest part of a concave lens is usually between the 
optic zone and the · edge. For the B&L 70 lenses, it is the area around a 4-6mm perimeter from the 
center of the lenses. In a well centered lens, the thickest part of it would then sit on the peripheral of the 
cornea. Thus, the flattening of cornea curvature by the B&L 70 lenses in the peripheral 7mm zone 
could be explained similar to the way a racket ball could be flattened by applying pressure with the 
fingers. One might argue that the difference between two eyes was due to the difference of lens power 
used in them. However, in table 4, we can see that the mean difference between the trial lens power 
used in the study was 0.090 ± 0.380. Such a small difference is unlikely to explain the different 
performance of the two lenses on the eyes. On the other hand, in eyes fitted with Optima FW lenses, 
the peripheral part of the lens was still thin enough not causing any significant change in corneal 
curvature. 
The reason why all the significant changes happened in the flattest and the horizontal meridian 
is not fully understood. However, it might due to the differences in corneal rigidity and lid force in 
different meridians, Y~hich would lead to different swelling responses as well as mechanical molding 
effect. In short, the slight overall flattening (0.04mm ± 0.059mm ) of corneal curvature in eyes fitted with 
B&L 70 lenses suggests that the cornea might be molded toward the back surface shape of a thick 
hydrogel lens, similar to the principle of orthrokeratology. 
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Subjective comfort of the ultra-thin lenses (Optima FW) was significantly better than that of the 
high water content lenses (B&L 70 Minus) after the seven days continuous wear. As variables such as 
lens diameter and edge profile were not controlled in the study, it was not possible to determined the 
exact reason for the better comfort of the ultra-thin lenses. However, it might due to the increase in 
average thickness of the high water content lenses especially at the edge region. Despite the slight 
difference, both lenses were rated as comfortable and neither lenses caused excessive tearing or 
irritation during the study period. 
Some pitfalls within this study should be mentioned. First of all, the number of subjects used in 
this study was too small. The presence of outliers or strong skewness could seriously affect the t-
test values 26. Moreover, the change of curvature of both eyes by different contact lenses was assumed 
to be independent in order to perform the t-test. However, it might not be appropriate because some 
form of dependency was actually a design consideration when using both eyes of the same subject. 
lri addition, focusing errors by the observer using EyeSys CAS could also affect the result. 
Image centralization and focus were found to be critical in obtaining accurate results. A target off center 
by more than 0.25 mm can result in unreliable data s. Accuracy deteriorates at a distance of about 1 mm 
greater than the best focus but could be moved up to 2 mm closer to the Placido's disk before results 
are no longer acceptable. Besides, the precision of the outputted values (0.01 D) are beyond the 
capability of the instrument. 
Undoubtedly, from the result of this study, the high water content extended wear lenses (B&L 
70 Minus) caused more corneal curvature changes (mostly flattening) than the low water content ultra-
thin lenses (Optima FW) . In fact, there was a statistically significant difference between the 
performances of those two kinds of lenses on the corneal topography. The differences could be seen 
in the zone average data, the steepest and flattest semimeridian as well as the four principle meridians 
(0, 45, 90 and 135). Although the mean subjective refraction changes were neither statistically nor 
clinically significant, some subjects had their myopia increased or decreased by 0.50 D and 0.25 D 
respectively (Table 15). In some patients, it could be one of the reasons for their compliants about 
decreasing distant visual acuity or near vision fatique after wearing soft contact lenses. 
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Nevertheless, whether the change was due to corneal edema effect, mechanical effect or both 
could not be precisely determined from this study. In view of all these, several suggestions were given 
here for the future researchers who were interested in this topic : 
(1) More subjects are needed to increase the validity of the statistical analysis; 
(2) Longer wearing period is preferred e.g. 6 months extended wear to intensify the changes; 
(3) A control group should be included in which the subjects wear spectacle only over a similar 
period of time 1a ; 
(4) Corneal thickness should be measured together with corneal curvature; 
(5) Subjects should be followed for a week after the removal of contact lenses. This was because 
if the curvature change was edema-related, it should resolve in a matter of hours. On the 
other hand, if the change was caused by mechanical molding effect, the resolution would occur 
in days or weeks 1a • 
Conclusion 
. 
A rough conclusion could be given here. With minus power lens that were less than -6.000, it 
could be shown that, at least for the lenses used in this study, ultra-thin extended wear hydrogel lenses 
seemed to be more tolerable by the corneas than high water content thicker lenses in terms of less 
topography changes as well as higher patient comfort, even though both had no clinical significant 
changes in subjective refraction. In addition, unlike the typical central curvature changes that happened 
with rigid lenses, most of the changes that caused by extended wear soft lenses were at the mid-
peripheral to peripheral cornea and, from this study, most of the changes seemed to be flattening of the 
flattest meridian. 
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